Measles virus has been classified as a paramyxovirus on the basis of its morphology (10, 18) . Recent studies (3, 5, 16, 19) demonstrated that measles virions contain RNA with a sedimentation coefficient of approximately 50S, like that of other paramyxovirus virion RNAs (2, 4) . Patterns of RNA synthesis in measles virusinfected cells were also found to be similar to patterns observed in cells infected with other paramyxoviruses (3, 11, 19 ; M. P. Kiley and F. E. Payne, in R. Barry and B. W. J. Mahy ed., Negative strand viruses, Academic Press, Inc., 1974 in press).
Viruses which appear to be variants of classical measles virus have been isolated from subacute sclerosing panencephalitis (SSPE) (12) . To compare SSPE and other strains of measles virus and to understand their roles in the pathogenesis of SSPE, we are characterizing virus-specific components of cells infected with these viruses. The present report concerns the size and location of virus-specific structures and their RNA in the cytoplasm of measles virusinfected cells and their probable role in viral replication.
MATERIALS AND METHODS Cells. The continuous line of green monkey kidney cells, Vero (20) , was grown in Eagle minimal essential medium (MEM) containing 10% fetal calf serum (FCS). BSC-1 cells (6) , also a green monkey kidney cell line, were grown in medium 199 15 ,000 x g for 10 min, resuspended in NTE buffer, and reprecipitated with cold trichloroacetic acid. These precipitates were pelleted as above, dissolved in 0.3 ml of 7:3 NCS :toluene, and radioactivity was determined after the addition of 6 ml of a toluene-based scintillation cocktail.
Electron microscopy. Droplets of appropriate sucrose gradient fractions were placed on Formvar-carbon coated grids for 30 s. The grids were then floated with 3 to 4 drops of 1% ammonium acetate, the excess liquid was removed with filter paper, and the samples were stained with 1 drop of 2% phosphotungstic acid (PTA), pH 6.85, for 1 min before drying. The grids were examined with an AEI Corinth 275 microscope.
RESULTS
Cytoplasmic structures containing virusspecific RNA. As in other paramyxovirus infections, measles virus-specific RNA synthesis is revealed in the infected cell when host cell RNA synthesis is inhibited by treatment with actinomycin D. Such virus-specific RNA would be expected to be associated with subcellular structures which are intimately involved with measles virus replication. Accordingly cytoplasmic extracts of actinomycin-D-treated measles virus-infected cells which had been exposed to 3H-uridine were examined for components associated with the radioactive label. Mock-infected cultures served as controls.
Vero cells were infected with wild-strain virus, and at 3 days postinfection they were labeled with 3H-uridine for 5 h. Cells were treated with actinomycin D for 2 h before and during the labeling period. Cytoplasmic components of detergent-treated and untreated extracts were separated by centrifugation in a sucrose gradient. Figure 1A shows the pattern of radioactivity obtained when a cytoplasmic extract of 3H-uridine-labeled mock-infected cells was centrifuged as described above. This extract was detergent treated prior to centrifugation; however, untreated extract gave similar results. In this control culture no significant radioactivity was detected other than in the top three gradient fractions. Figure 1B depicts results obtained when a cytoplasmic extract of 3H-uridinelabeled infected cells was subjected to centrifugation. This sample was not treated with detergent prior to centrifugation. Large amounts of ribonuclease-sensitive RNA sedimenting in the 30 to 70S region of the gradient were detected as well as a broad band of acid-insoluble radioactivity covering the region from 70 to 150S. The 11OS region of this band was partially resistant to ribonuclease. The pellet from this gradient contained approximately 11,000 countg/min of acid-insoluble radioactivity. Figure 1C illustrates sucrose gradient analysis of a sample identical to that analyzed in Fig. 1B , but which was detergent treated prior to centrifugation. Under these conditions, the pellet fronm this gradient contained approximately 3,000 counts/ min of acid-insoluble radioactivity. The (Fig. 2) . In other preparations, where 170S structures were present, they too were found to be stable to EDTA treatment, and their associated RNA was resistant to ribonuclease. Because EDTA treatment is known to dissociate polysomes, these results suggest that polyribosomes were the 100 to 200S structures containing ribonuclease-sensitive RNA which were seen in gradients of infected cell extracts not treated with EDTA.
The resistance to ribonuclease and the stability in EDTA of structures sedimenting at 110, 170, and 200S suggested that they were viral nucleocapsids. This suggestion was confirmed for the 110 and 200S structures by electron microscope examination of negative-stained samples from the gradients. The structures in Fig. 3A and C are from the 110S region and those in Fig. 3B and D are from the 200S region of the gradient. It can be seen that the herringbone character of these structures is identical to that previously reported for measles nucleocapsids (5, 10).
Observation of electron micrograph fields containing more than 30 of each type of nucleocapsid suggested that the two populations were distinct and quite uniform in length.
treated with detergent mixture prior to centrifugation; B, infected cell extract not detergent treated prior to centrifugation; and C, an extract identical to that in B except that it was detergent treated before centrifuging. Fig. 1B and C, and was analyzed on 5 to 20% sucrose gradients. Vero cell RNA labeled with "C-uridine was employed as an internal marker in each gradient, and the 28 and 18S ribosomal RNAs were assumed to have molecular weights of 1.75 x 106 and 0.7 x 106, respectively. The 110S structures yielded RNA with a peak at 16S whether they were from the gradient depicted in Fig. 1B (Fig. 4A) or that in Fig. IC (Fig. 4B) . The 200S region from the gradient shown in Fig.  1C yielded 50S RNA (Fig. 4C) . Since the gradients which served as sources of extracted RNA did not contain EDTA, the breadth of the base of both the 16 1B ) unless cytoplasmic extracts were treated with a mixture of deoxycholate and BRIJ-58 prior to centrifugation (e.g., Fig. 1C) . Also, about four times as many counts appeared in pellets from nondetergent-treated samples as from those treated with detergent. Aggregation of nucleocapsids and their disaggregation by detergent did not appear to account for these results since electron microscope examination of pellets from extracts of infected cells, which had not been treated with detergent, revealed membrane fragments and no aggregates of nucleocapsids. Additional information regarding membrane-associated virus-specific structures was gained by examining the RNA species present in pellets from gradients of detergenttreated and nontreated cytoplasmic extracts. Pellets were resuspended in RSB buffer, and their RNA was extracted with phenol-SDS. Extracted RNA was then analyzed on 5 to 20% sucrose gradients employing "4C-labeled Vero cell RNA as sedimentation markers. Figure 5A shows the distribution of RNA extracted from the pellet of a nondetergent (see Fig. 1B four peaks of radioactivity corresponding to RNA species with sedimentation coefficients of 50, 30, 22, and 14 to 16S. RNA species of this size have been previously reported to be produced in measles-infected cells (3, 11, 19 ; M. P. Kiley and F. E. Payne, in R. Barry and B. W. J. Mahy ed., Negative strand viruses, Academic Press Inc., 1974 in press). RNA of a pellet from a detergent-treated (see Fig. 1C ) cytoplasmic extract (Fig. 5B) was qualitatively and quantitatively different when compared with Fig. 5A . The pellet derived from a detergent-treated cytoplasmic extract yielded RNA which sedimented principally in the 10 to 16S and 20 to 22S regions of the gradient. These RNA species were present in much smaller amounts and little or no 50 or 30S RNA was found when the pellet was from detergenttreated extract. In results not presented it was determined that the RNase-sensitive RNA found in the 30 to 70S region of the 15 to 30% gradient in Fig. 1C contained little or no 50S RNA.
These observations indicate that essentially all 50S virus-specific RNA was associated with 200S nucleocapsids and that essentially all of these nucleocapsids were associated with membranes. Because measles virus tends to be cell associated, it is probable that at least some of the 200S nucleocapsids were present in virions. Although some of the 110S nucleocapsids and their 16S RNA appeared in the body of gradients even when cytoplasmic extracts were not treated with detergent, a portion of this population of nucleocapsids, like the 200S variety, was membrane associated. Judging from the size of 30S RNA, at least a portion of this species may have been present in 170S nucleocapsids which were exclusively membrane associated. The remaining major species of virus-specific RNA, i.e., 20 to 22S and 10 to 16S, was presumably mRNA, some of which was in membrane-bound polyribosomes.
Occurrence of short nucleocapsids in cells infected with various strains of measles virus. Information bearing on the significance of the 110S nucleocapsids, which were observed in the above experiments, was forthcoming from examination of nucleocapsids in cells infected with different strains of measles virus. Only 200S nucleocapsids were observed in cells infected with low-passage virus, strain MUN-HT (12), which was isolated from a patient with SSPE. This observation suggested that production of 110S nucleocapsids was not obligatory to measles virus replication and that these short nucleocapsids might represent defective nucleocapsids containing RNA which is smaller than the viral genome.
Short nucleocapsids containing subgenomic RNA might be expected to occur under conditions, such as passage of virus using undiluted inocula, which would favor production of defective virus. Measles virion RNA that was smaller than 50S was recently reported to appear in virus stocks after repeated undiluted passage (3). The same report indicated that the smaller RNA may disappear from a measles virus stock after passage with diluted inoculum. Plaque purification of a virus represents an efficient means of diluted passage. Accordingly, we examined nucleocapsids produced by six different plaque strains which were derived from wildstrain Edmonston virus. Plaques of each strain were picked three times sequentially, and working pools were then prepared.
At 3 days after infection with a plaque-purified strain at approximately 0.05 PFU/cell, Vero cells were treated with actinomycin D and labeled with 3H-uridine. Cytoplasmic extracts, after treatment with detergent and EDTA, were analyzed in 15 to 40% sucrose gradients prepared in RSB-EDTA. Cells infected with any one of five of the plaque-purified strains yielded 200S, but no detectable 110 or 170S, nucleocapsids as exemplified in Fig. 6 . One of these strains produced 110S nucleocapsids after undiluted passage. The initial pool of the sixth plaque-purified strain produced both 200 and 110S n.ucleocapsids. Although other interpretations are possible, these observations are compatible with the suggestion that 110S nucleocapsids represent encapsidated-defective subgenomic viral RNA.
DISCUSSION
In the present study, cytoplasmic extracts of cells infected with wild-strain Edmonston measles virus were found to contain virusspecific RNA associated with polysomes, which were not prominent in gradient analyses, and nucleocapsids, which were present as two (200 and 110S) and probably a third (170S) distinct species. The largest nucleocapsids resembled those previously isolated from purified measles virions (5) (3) , and by our observation that short nucleocapsids were not produced by most plaquepurified stocks until they were passaged by using undiluted inocula.
Direct evidence of interference with measles virus replication by defective virus particles has not been reported. However, the possible role of defective interfering measles virus in SSPE has been considered (7) . The possible involvement of measles virus subgenomic RNA and short nucleocapsids in the nonproductive infected cells from brains of patients with SSPE (1, 13, 14) is being investigated.
